RESEARCH DESIGN AND METHODS -Patients with type 1 diabetes receiving basalbolus insulin treatment with NPH human insulin and insulin lispro were randomized to receive insulin glargine (HOE 901), a long-acting basal insulin analog, once a day (n = 310) or NPH human insulin (n = 309) as basal treatment with continued bolus insulin lispro for 16 weeks in an open-label study. NPH insulin patients maintained their prior schedule of administration once or twice a day, whereas insulin glargine patients received basal insulin once a day at bedtime.
C
urrently available intermediately or long-acting insulin products used for basal insulin treatment are associated with either pronounced insulin peaks after injection, a duration of action that is too short to maintain glycemic control throughout the dosing period, or high day-to-day variability (1, 2) . Insulin analogs designed to more closely mimic endogenous basal insulin patterns have been produced through recombinant DNA technology (3) (4) (5) (6) . A novel insulin analog, 21 A -Gly-30 B a-L-Arg-30 B b-L-Arg-human insulin (HOE 901 or insulin glargine), has been designed with a modified isoelectric point that results in precipitation at neutral tissue pH and thus delayed absorption from subcutaneous tissue (7) (8) (9) (10) . Early-phase shortterm trials in patients with type 1 diabetes indicated that the use of insulin glargine once a day is associated with metabolic control equivalent or superior to NPH insulin once or twice a day (11) (12) (13) . One study showed a reduction in the occurrence of nocturnal hypoglycemia with insulin glargine treatment (13) .
In our study, we compared the effects of insulin glargine once a day at bedtime and NPH insulin once or twice a day as basal insulin treatment for 16 weeks in patients with type 1 diabetes who were currently receiving NPH insulin for basal treatment and preprandial insulin lispro for postprandial glycemic control. The effects of insulin glargine once a day were compared with those of NPH insulin once or twice a day on fasting plasma glucose, fasting plasma glucose variability, GHb, and occurrence of hypoglycemia.
RESEARCH DESIGN AND METHODS

Protocol
The study was a phase III multicenter randomized open-label comparison of insulin glargine and NPH insulin as basal insulin RESEARCH DESIGN AND METHODS -Patients with type 1 diabetes receiving basalbolus insulin treatment with NPH human insulin and insulin lispro were randomized to receive insulin glargine (HOE 901), a long-acting basal insulin analog, once a day (n = 310) or NPH human insulin (n = 309) as basal treatment with continued bolus insulin lispro for 16 weeks in an open-label study. NPH insulin patients maintained their prior schedule of administration once or twice a day, whereas insulin glargine patients received basal insulin once a day at bedtime.
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treatment in patients with type 1 diabetes who had been receiving NPH and premeal insulin lispro. Patients were enrolled at 60 centers; the study was conducted between October 1997 and July 1998. Eligible patients had type 1 diabetes, were 18-80 years of age, and had been receiving treatment with NPH insulin for at least 1 year and insulin lispro for at least 3 months. Patients had to have a serum C-peptide level Յ9 mg/dl (0.5 mmol/l) in the presence of a blood glucose level Ն99.0 mg/dl (5.5 mmol/l) and a GHb value Յ12.0%. Patients with hepatic or renal impairment, those who were pregnant or breast feeding, and those who had received treatment with any glucose-lowering drug other than insulin within 4 weeks of the study were excluded. Written informed consent was obtained from all patients before study enrollment. During a 1-to 4-week screening phase, patients continued their current NPH insulin and insulin lispro treatment and were instructed on the use of the glucose meter for at-home self-measured blood glucose assessment. Patients performed blood glucose measurements for 7 consecutive days before the baseline visit (week 0). After the screening phase, patients were stratified on the basis of their prior regimen of NPH insulin: once a day or more than once a day. Patients were then randomized via a telephone randomization center to receive open-label subcutaneous insulin glargine once a day at bedtime or subcutaneous NPH insulin once a day at bedtime or twice a day before breakfast and at bedtime for a 16-week treatment period. Because insulin glargine is a clear solution and can easily be distinguished from NPH insulin visually, an open-label design was required. All patients continued to administer individually titrated insulin lispro before meals.
Insulin glargine (Hoechst Marion Roussel, Frankfurt, Germany) was supplied in vials containing a 5-ml solution (1 ml containing 100 U insulin). NPH insulin (Eli Lilly, Indianapolis, IN) was supplied in vials containing a 10-ml suspension (1 ml containing 100 U insulin). Insulin lispro (Eli Lilly) was supplied in vials containing 10 ml solution (1 ml containing 100 U insulin). Starting dosages of insulin glargine and NPH insulin were based on prior NPH insulin dosage on a unit-for-unit basis but were left to the discretion of the investigator. Investigators were informed of results of phase II comparative studies, which suggested a 10% decrease in the insulin glargine dose compared with total dosage in patients receiving NPH insulin twice a day (12) (13) (14) . Thereafter, insulin glargine and NPH insulin doses were to be individually titrated to obtain a target fasting blood glucose Ͻ120.6 mg/dl (6.7 mmol/l).
Study patients made seven clinic visits as follows: a screening phase visit, baseline visit (week 0), and visits at weeks 1, 4, 8, 12, and 16. Study end point was defined as the last available measurement on treatment. Efficacy variables included changes in GHb between baseline and study end point and at weeks 8 and 16, fasting plasma glucose at each study visit, fasting blood glucose assessed by patient self-monitoring for 7-day periods before baseline and before the week 8 and week 16 visits, and occurrence of hypoglycemia. GHb was measured in whole blood using affinity chromatographic methods by the Diabetes Diagnostic Laboratory (University of Missouri, Columbia, MO Hypoglycemic episodes were categorized as symptomatic, nocturnal symptomatic, and severe. Severe hypoglycemia was defined as an event with symptoms consistent with hypoglycemia in which the subject required assistance from another person and which was accompanied by a blood glucose level Ͻ36.0 mg/dl (2.0 mmol/l) or associated with prompt recovery after oral carbohydrate, intravenous glucose, or glucagon administration. Nocturnal hypoglycemia was defined as that occurring while the subject was asleep during the time between bedtime after the evening injection and before getting up in the morning (i.e., before morning determination of fasting blood glucose and morning injection). The incidence of each type of hypoglycemia, as well as the incidence of each type associated with a blood glucose level Ͻ36.0 mg/dl (2.0 mmol/l), was determined.
Safety assessments included monitoring for clinical adverse events; standard clinical chemistry and clinical hematology; assessment of insulin glargine, human insulin, and Escherichia coli protein antibodies; ophthalmologic examination for changes in diabetic retinopathy; evaluation of vital signs; and electrocardiography.
Differences in GHb between treatment groups were assessed by analysis of covariance (ANCOVA) using change from baseline to study end point as the dependent variable, with treatment and (pooled) center as fixed effects and the corresponding baseline value as covariate. The difference in mean change from baseline among treatment groups was estimated using adjusted mean values along with the associated SEM and 95% CI from the ANCOVA model. Variability of fasting blood glucose (variance among the seven daily values before study visit) was assessed by ANCOVA using ranked change from baseline in variability and ranked baseline values. Percentages of subjects with at least one episode of hypoglycemia were compared by ranked analysis of variance. Baseline variables were compared using analysis of variance and the Cochran-Mantel-Haenszel test. All statistical tests were two-sided and performed at a significance level of ␣ = 5%, unless otherwise indicated.
RESULTS
Patients
A total of 619 patients were randomized to receive study treatment. Baseline characteristics of patients are shown in Table 1 . Most patients (75.9%) and similar proportions in the treatment groups had previously received basal insulin treatment at least twice a day. A total of 31 patients, 15 in the insulin glargine group and 16 in the NPH insulin group, withdrew from the study before the end of the treatment phase; most of these patients either wanted to discontinue study participation or were lost to follow-up. None of the patients in the insulin glargine group and two in the NPH insulin group cited adverse events as a reason for discontinuation.
Insulin dose
Insulin doses were adjusted to achieve target fasting blood glucose levels of 79.2-120.6 mg/dl (4.4-6.7 mmol/l). Overall, the means ± SD dose of basal insulin at study end point decreased by 4.5 U from the prior NPH insulin dose in insulin glargine Insulin glargine in type 1 diabetes patients (28.4 ± 13.3 to 23.9 ± 10.9 U), with a marked decrease evident after 1 week that was maintained throughout the treatment period (Fig. 1) . Among NPH insulin patients, the dose increased by 0.9 U (28.3 ± 14.4 to 29.2 ± 15.0 U) from baseline to end point. The overall decrease in insulin glargine patients was due to a 6.2-U decrease in patients who had previously received NPH insulin at least twice a day (31.5 ± 13.2 to 25.3 ± 11.4 U), compared with a 1.8-U increase in those with a prior once-a-day basal regimen (19.6 ± 9.0 to 21.4 ± 9.9 U). Among NPH insulin patients, mean dose increased from baseline to end point by 1.8 U in those with a prior once-aday regimen and by 0.7 U in those who had received a more-than-once-a-day regimen.
Overall, the mean daily insulin lispro dose increased by 1.5 U in insulin glargine patients, with a decrease in mean dose of 3.6 U in those with a prior once-a-day basal insulin schedule and an increase of 3.1 U in those with a more frequent schedule. In NPH insulin patients, mean daily insulin lispro dose decreased by 0.5 U, with a 1.0-U decrease in those with a prior once-a-day basal insulin schedule and a decrease of 0.3 U in patients receiving NPH twice a day. None of these changes were statistically significant.
GHb
Insulin glargine and NPH insulin had similar but minimal effects on GHb between baseline and study end point (P = 0.8409 by ANCOVA). The change from baseline to end point, expressed as means ± SD, was 7.59 ± 1.19 to 7.53 ± 1.19% in insulin glargine patients, and 7.71 ± 1.2 to 7.60 ± 1.14% in NPH insulin patients (Table 2) . On average, patients with higher baseline GHb had a statistically greater reduction in GHb during treatment, but the relative effects of insulin glargine and NPH insulin on GHb did not vary significantly as a function of baseline.
Fasting blood glucose and fasting plasma glucose Changes from baseline in self-monitored fasting blood glucose and fasting plasma glucose levels at specified study intervals are expressed as means ± SD values in Table 2 . Insulin glargine was associated with significantly greater reductions in fasting blood glucose than NPH insulin. At end point, the target fasting blood glucose value of Ͻ120.7 mg/dl (6.7 mmol/l) was achieved by more insulin glargine patients (29.6%) than NPH patients (16.8%). Changes in fasting plasma glucose paralleled those of self-monitored fasting blood glucose. Changes from baseline in selfmonitored fasting blood glucose and fasting plasma glucose levels at specified study intervals are expressed as means ± SD values in Table 2 . Data are n, n (%), or means ± SD. *P = 0.0034.
Figure 1-Mean daily dose of basal and bolus insulin with basal-to-bolus ratios at baseline and end points for insulin glargine and NPH treatments arms. *Basal-to-bolus ratio.
End point End point Baseline Baseline
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The ranked change from baseline in variability of fasting blood glucose was analyzed by ANCOVA (see RESEARCH DESIGN AND METHODS). At baseline, the treatment groups showed comparable variability in fasting blood glucose (P = 0.4591). However, by week 16, the median decrease in variability between insulin glargine and NPH patients achieved statistical significance (P = 0.0427). This significance was maintained at study end point, with a median decrease in variability of 61.9 mg/dl (3.44 mmol/l) in insulin glargine patients and 14.2 mg/dl (0.79 mmol/l) in NPH insulin patients (P = 0.0124).
Hypoglycemia
Episodes of symptomatic hypoglycemia were reported and evaluated according to three primary subsets: symptomatic, nocturnal, and severe. Patients were asked to record self-monitored blood glucose values at the time of each episode (although it was understood that they may have required time to recover before they were able to take the measurements), and these values were reported as Ͻ50.4 mg/dl (2.8 mmol/l) and Ͻ36.0 mg/dl (2.0 mmol/l). The number of patients and hypoglycemic episodes for which blood glucose measurements were recorded is summarized in Table 3 , with separate summaries of confirming glucose values Ͻ36.0 mg/dl (2.0 mmol/l) in each of the three subsets.
Similar incidences of both symptomatic and asymptomatic hypoglycemia were observed in the insulin glargine group and the NPH insulin group during the first month of treatment and from month 2 to the end of the study. During the dose titration period, the rate of nocturnal hypoglycemia approached statistical significance, with the rate in the insulin glargine group higher than that in the NPH insulin group (44.5 vs. 38.8%, P = 0.09). However, the rate from month 2 through the end of the study was not significantly different (59.3 vs. 59.0%, P = 0.65). Rates of nocturnal hypoglycemia in the insulin glargine versus NPH insulin groups, confirmed by blood glucose level Ͻ36.0 mg/dl (2.0 mmol/l), were similar during month 1 and during the entire treatment phase (12.3 vs. 12.0%). No differences between treatment groups, according to prior basal insulin schedule, were observed during study treatment.
No differences in rates of severe hypoglycemia were observed between the insulin glargine and NPH insulin groups during the first month of treatment (2.6 vs. 
Safety
Overall, adverse events were similar in the treatment groups, with the exception of injection site pain. Treatment-emergent adverse events regardless of relationship to study medication occurred in 250 of 310 (80.6%) insulin glargine patients, compared with 236 of 309 (71.4%) NPH insulin patients. The most common adverse event considered by the investigator to be related to the study treatment was injection site events. Of these events, injection pain was reported more frequently by insulin glargine patients than by NPH insulin patients (6.1 vs. 0.3%). Adverse events considered treatment-related that occurred in Ն2% of patients are summarized in Table 4 . No insulin glargine patients discontinued study treatment because of adverse events, whereas two NPH insulin patients did, including one who discontinued treatment because of cancer of the pancreas, which was unrelated to study treatment. The other patient discontinued treatment after a severe hypoglycemic reaction with coma. No deaths occurred during the study.
Use of radiolabeled tracers for insulin glargine and human insulin antibodies, expressed as adjusted means ± SEM percentage bound/total, showed no clinically relevant treatment-related effects on antibody levels. Because of the cross-reactivity of human insulin antibodies with insulin glargine tracer and of insulin glargine antibodies with human insulin tracer, all samples were assayed with both tracers. The insulin glargine group exhibited significant reductions (adjusted means ± SEM percentage bound/total) compared with the NPH insulin group in both insulin glargine antibodies (Ϫ1.35 ± 0.42 vs. 0.83 ± 0.42% bound/total, P = 0.0002) and human insulin antibodies (Ϫ2.56 ± 0.43 vs. Ϫ0.08 ± 0.43% bound/total, P = 0.0001).
The number of retinal events reported for each treatment group was similar: 2.9% in the insulin glargine arm compared with 2.3% in the NPH arm. The most commonly occurring of such an event was retinal vascular disorder, reported in 1.9 and 1.0% of patients treated with insulin glargine and NPH insulin, respectively. The types of retinal adverse events seen in this study are expected for this subject population (15) .
No differences between groups were observed with regard to changes in labora- Data are means ± SD and are based on the number of intention-to-treat subjects for whom data were available at each time point. P values are based on adjusted mean changes from the ANCOVA model. End point is defined as the last available value collected on study treatment.
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tory values or vital signs. No clinically relevant treatment-related electrocardiogram (ECG) changes were observed. Mean increase in body weight from baseline to end point was statistically significantly less among insulin glargine patients than among NPH insulin patients (0.12 vs. 0.54 kg, P = 0.034). However, the clinical relevance of this difference over the 16-week treatment period is not clear.
CONCLUSIONS -
The results of this 16-week randomized open-label study indicate comparable effectiveness of once-a-day insulin glargine and once-or twice-a-day NPH insulin in maintaining glycemic control as reflected by GHb levels in patients with type 1 diabetes receiving multiple daily injections of basal insulin and premeal insulin lispro. No significant difference between the two treatment groups in changes from baseline levels of GHb was observed, with average levels of ϳ7.6% in both groups at the end of study. That reductions in GHb were small in both treatment groups is not surprising given the fairly good metabolic control in both groups before study treatment, evidenced by an average GHb value of ϳ7.7%. In the DCCT which examined intensive versus conventional insulin treatment in patients with type 1 diabetes, average GHb at the start of treatment was ϳ8.9%, with the level in the intensive therapy group decreasing to ϳ7.2% after 6 months of treatment (16) . In fact, the same assay for GHb used in the DCCT was used in this study. Both self-monitored fasting blood glucose and fasting plasma glucose levels were significantly reduced with insulin glargine compared with NPH insulin. In addition, a greater percentage of insulin glargine than NPH patients achieved a target fasting blood glucose level of Ͻ120.6 mg/dl (6.7 mmol/l). In adjusted mean values, insulin glargine patients exhibited a decrease in fasting blood glucose of 29.3 mg/dl (1.63 mmol/l) by the end of study, compared with a 11.9 mg/dl (0.66 mmol/l) reduction in the NPH insulin group. A significant decrease in fasting plasma glucose levels was evident in the first week in insulin glargine patients, and an adjusted mean reduction of 41.9 mg/dl (2.33 mmol/l) was seen by the end of the study, compared with a 12.4 mg/dl (0.69 mmol/l) reduction in the NPH insulin group.
These results were obtained despite lower daily doses of basal and total insulin in the insulin glargine group. The failure of this improvement in fasting glucose to produce differences in GHb is most likely due to higher glucose levels at other times of the day. The results suggest that the use of lispro with insulin glargine may not have been optimized during the study, and premeal doses of insulin lispro may not have been increased appropriately in these patients. However, there was less day-today variability in fasting blood glucose levels in the insulin glargine patients than in the NPH patients.
Despite the findings of similar or better glycemic control with insulin glargine, no significant differences in the occurrence of hypoglycemia were observed in this study. In an earlier study in type 1 diabetes, in which bedtime insulin glargine was compared with NPH insulin taken once or twice a day, there was a significant reduction in the occurrence of severe and nocturnal hypoglycemia with insulin glargine (17) . In this study, insulin glargine was also associated with significantly lower fasting blood glucose levels compared with NPH insulin, although there was no difference in GHb levels. Insulin glargine would thus seem to offer an advantage over NPH insulin, at least in terms of the development of hypoglycemia.
Insulin glargine appears to be as safe as NPH insulin. The only difference in the safety profile of insulin glargine and NPH insulin was a disproportionate number of insulin glargine patients reporting pain at the injection site (19 vs. 1). This effect, which has been noted in previous studies of insulin glargine, may be related to the more acidic pH of insulin glargine or to a reporting bias introduced by the open-label design of the study. All injection site pain was assessed as mild in intensity and did not lead to discontinuation of study medication in any patient. The overall incidence of injection site reactions was similar for insulin glargine and NPH patients (13.2 vs. 10.4%). None of the treatment-related adverse events in the study, apart from hypoglycemic reactions, were considered serious. Treatment-related adverse events resulted in study withdrawal in none of the insulin glargine patients and one of the NPH insulin patients. There was no evidence of increased immunogenicity or systemic hypersensitivity reactions with insulin glargine administration. In fact, there was a suggestion of less immunogenicity because significant reductions in insulin antibodies occurred in the insulin glargine patients. The finding that there was less variability in both self-monitored fasting blood glucose measurements and clinic-measured fasting plasma glucose levels requires some comment. The daily variability in the hypoglycemic effect of insulin, a common clinical feature of its use, is probably caused by unpredictable absorption from subcutaneous sites after injection (18) . The finding that the use of insulin glargine results in a less variable effect on fasting glucose levels suggests that its absorption is more predictable than that of NPH insulin.
In summary, insulin glargine taken once a day appears to be as safe as and at least as effective as NPH insulin taken once or twice a day in maintaining glycemic control in patients with type 1 diabetes receiving basalbolus insulin treatment. In particular, the self-monitored fasting blood glucose and fasting plasma glucose findings of this study suggest that insulin glargine may have the potential to provide better metabolic control when used with appropriate premeal bolus insulin therapy, with a similar risk of hypoglycemia as NPH insulin.
